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METHOD AND APPARATUS OF USING
HEIGHT AIDING FROM A CONTOUR TABLE
FOR GNSS POSITIONING

FIELD OF THE INVENTION

The present invention 1s related to location positioning
systems, and more particularly, to a method and apparatus for
using height aiding from a contour table to obtain or improve
a GNSS positioning solution.

BACKGROUND OF THE INVENTION

With the development of radio and space technologies,
several satellites based navigation systems (1.e. satellite posi-
tioming system or “SPS”) have already been built and more
will be 1n use 1n the near future. Those systems with full
global coverage are sometimes referred to as Global Naviga-
tion Satellite Systems (“GNSS”). SPS receivers, such as, for
example, recervers using the Global Positioning System
(“GPS”), also known as NAVSTAR, have become common-
place. Other examples of SPS and/or GNSS systems include
but are not limited to the United States (*“U.S.”) Navy Navi-
gation Satellite System (“NNSS”) (also known as TRAN-
SIT), LORAN, Shoran, Decca, TACAN, NAVSTAR, the
Russian counterpart to NAVSTAR known as the Global Navi-
gation Satellite System (“GLONASS”), any future Western
European SPS such as the proposed “Galileo” program, or
any other existing or future system such as the Chinese
“Beidou” or “Compass” system. As an example, the U.S.
NAVSTAR GPS system 1s described in GPS Theory and
Practice, Fitth ed., revised edition by Holmann-Wellenhof,
Lichtenegger and Collins, Springer-Verlag Wien New York,
2001, which 1s fully incorporated herein by reference.

The U.S. GPS system was built and 1s operated by the
United States Department of Defense. The system uses
twenty-four or more satellites orbiting the earth at an altitude
of about 11,000 miles with a period of about twelve hours.
These satellites are placed in six different orbits such that at
any time a minimum of six satellites are visible at any location
on the surface of the earth except in the polar region. Each
satellite transmits a time and position signal referenced to an
atomic clock. A typical GPS receiver locks onto this signal
and extracts the data contained 1n 1t. Using signals from a
sufficient number of satellites, a GPS receiver can calculate
its position, velocity, altitude, and time.

In environments where satellite signals are degraded, how-
ever, a GPS receiver often encounters problems in locking
onto the signals that are needed for the calculation of position,
velocity, altitude, and time. In a degraded signal environment,
satellite signals can be weak or otherwise difficult for GPS
receivers to lock on to. One example of a degraded signal
environment 1s a tunnel through which a car equipped with a
GPS receiver 1s driving. While the GPS recerver 1s 1n the
tunnel, the satellite signals are completely obstructed and no
lock can be acquired. As a result, the GPS receiver cannot
accurately calculate 1ts position and other navigational data
(such as velocity, altitude, and time) while the car 1s 1 the
tunnel. In addition, because GPS receivers typically utilize
positioning algorithms that use navigational filters that
account for the GPS recervers’ last-known positions, the GPS
receiver’s position calculation when the car emerges from the
tunnel can also be less accurate since accurate position cal-
culations were not performed during the time that the car was
in the tunnel.

Degraded signal environments are oiten encountered in
urban areas, such as cities with many tall buildings. A city
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with many tall buildings contains “urban canyons”, which are
environments where streets cut through dense blocks of struc-
tures such as skyscrapers. In urban canyons, satellite signals
are frequently not visible or are degraded due to the signals
being partially or fully blocked by buildings, for example.
Consequently, the problem of inaccurate position calcula-
tions by GPS recervers 1in degraded signal environments 1s
especially acute 1n urban areas.

One way to mmprove the accuracy of a calculated GPS
position 1s to make accuracy improvements with the aid of a
map database. For example, personal navigation devices
(PNDs) such as those available from Garmin and other manu-
facturers typically include extensive map databases covering
entire countries or regions to provide real-time position dis-
plays and turn-by-turn directions among other things. Some
attempts have been made to provide info from this map data-
base back to the GPS recerver in real-time to aid in the
receiver’s navigation solution. However, this has been diifi-
cult to implement in practice because of the delays involved in
the communications between the recerver and other PND
components, for example. Another problem with this
approach 1s that the accuracy improvements are limited
because the accuracy improvements are performed only after
the GPS position has already been calculated. A further prob-
lem 1s the amount of memory space needed to store map data
for all points on the Earth.

The accuracy problem can also be addressed using network
aiding 1n some devices having a combo chipset that does both
location and connectivity. In other cases, the Navigation
engine may hold onto a certain height (say 0 meters or mean
sea level (MSL)) and compute a position solution. However,
these attempted solutions also have drawbacks 1n added com-
plexity and cost or reduced accuracy and performance.

Accordingly, a method and apparatus for making better
accuracy improvements to a GPS receiver’s position calcula-
tions 1n degraded signal environments remain desirable.

SUMMARY OF THE INVENTION

The present invention 1s related to location positioning
systems, and more particularly, to a method and apparatus for
making accuracy improvements to a GPS recetver’s naviga-
tion calculations. According to a first aspect, the mvention
includes maintaining a table of height attributes for selected
areas around the world (contour table) 1n the GNSS chipset.
The information in the table preferably includes latitude,
longitude of the city along with height attributes of those
cities, such as the average, min, max height, etc. Additional
information such as average gradient could also be saved 1n
the table. According to further aspects, when GPS signals are
degraded 1n environments such as urban canyons, the height
information can be obtained from the table and used to
improve the navigation solution.

In furtherance of these and other aspects, an exemplary
method of employing a contour table for positioning includes
retrieving height information stored 1n a contour table asso-
ciated with the GPS receiver; and computing a position fix of
the GPS recerver by using the retrieved height information.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of the present inven-
tion will become apparent to those ordinarily skilled 1n the art
upon review of the following description of specific embodi-
ments of the imnvention 1n conjunction with the accompanying
figures, wherein:
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FIG. 1 1s a block diagram of an example implementation of
principles of the imvention; and
FI1G. 2 1s a flowchart 1llustrating an example methodology

for using contour table information for a positioming solution
in accordance with aspects of the mnvention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will now be described 1n detail with
reference to the drawings, which are provided as illustrative
examples of the mnvention so as to enable those skilled 1n the
art to practice the invention. Notably, the figures and
examples below are not meant to limit the scope of the present
invention to a single embodiment, but other embodiments are
possible by way of interchange of some or all of the described
or 1llustrated elements. Moreover, where certain elements of
the present invention can be partially or fully implemented
using known components, only those portions of such known
components that are necessary for an understanding of the
present invention will be described, and detailed descriptions
of other portions of such known components will be omitted
s0 as not to obscure the imnvention. Embodiments described as
being implemented 1n software should not be limited thereto,
but can include embodiments implemented 1n hardware, or
combinations of software and hardware, and vice-versa, as
will be apparent to those skilled 1n the art, unless otherwise
specified herein. In the present specification, an embodiment
showing a singular component should not be considered lim-
iting; rather, the mvention 1s intended to encompass other
embodiments including a plurality of the same component,
and vice-versa, unless explicitly stated otherwise herein.
Moreover, applicants do not intend for any term in the speci-
fication or claims to be ascribed an uncommon or special
meaning unless explicitly set forth as such. Further, the
present invention encompasses present and future known
equivalents to the known components referred to herein by
way of 1llustration.

FIG. 1 1llustrates an example implementation of embodi-
ments of the invention. As shown in FIG. 1, GPS satellites (1.¢.
SVs) 114, 116, 118 and 120 broadcast signals 106, 108, 110
and 112, respectively, that are received by recerver 122 1n
handset 102, which 1s located at a user position somewhere
relatively near the surface 104 of earth.

Handset 102 can be a personal navigation device (PND,
¢.g. from Garmin, TomTom, etc.) or it can be a cellular or
other type of telephone with built-in GPS functionality (e.g.
1Phone, Blackberry, Android smartphone), or any GPS device
embedded 1n tracking applications (e.g. automotive tracking
from Trimble, package or fleet management tracking from
FedEx, child locator tracking applications etc).

Receiver 122 can be implemented using any combination
of hardware and/or software, including GPS chipsets such as
S1RFstarlIl GSD3tw or SiRFstar GSC3e¢ from S1RF Technol-
ogy and BCM4750 from Broadcom Corp., as adapted and/or
supplemented with functionality in accordance with the
present invention, and described 1n more detail herein. More
particularly, those skilled in the art will be able to understand
how to implement the present invention by adapting and/or
supplementing such chipsets and/or software with the navi-
gation solution improvement techniques of the present mnven-
tion after being taught by the present specification.

The present inventors recognize that the need for accurate
location assistance during city driving 1s an especially acute
need. However, in most major cities around the world, tall
structures restrict a recerver’s visibility to the GINSS satellites
in the sky. Hence many times 1n urban canyons, navigation
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devices are limited to computing GPS fixes with a minimal set
of satellites. Since the vertical dilution of precision (DOP) 1s
usually large 1n these situations, the height computed in these
cases 1s prone to large errors. An error 1n height will then
result 1n a large position error. Hence, getting an accurate
height 1s desirable for getting a good position solution in
urban areas. According to some aspects, therefore, the inven-
tion recognizes that obtaining an alternate source of height
aiding to the navigation engine would assist in arriving at a
good position solution.

The present inventors further recognize that one obstacle to
obtaining height aiding information from a stored table 1s the
amount of storage space needed to store height table for all
points on the Earth. According to further aspects, therefore,
the 1nvention 1s designed to work in places where there are
often the most problems, such as urban areas. Hence embodi-
ments of the mvention are able to restrict the size of the
contour table (e.g. saving ROM space) while providing height
aiding where 1t 1s needed the most (e.g. places of limited
visibility to the sky).

According to general aspects, therefore, the invention
includes maintaining a table of height attributes (i.e. contour
table) for selected areas of the world 1n the GNSS chipset. The
information in the table preferably includes a listing of
selected locations, along with one or more height attributes of
those locations, such as the average, min, max height, etc.
Additional information such as average gradient could also be
saved 1n the table.

In embodiments, the selected locations can be specific
latitude, longitude coordinates. In other embodiments, the
selected locations can be defined by latitude, longitude
boundaries (e.g. rectangular areas). Many variations are pos-
sible. In case of mid sized and large urban areas (e.g. Los
Angeles, New York, etc) or in places where there 1s a large
height variation, multiple entries for height can be used. In
these cases, height at intermediate positions could be com-
puted using interpolation.

In one embodiment, the embedded contour table 1s stored
in non-volatile (e.g. flash, ROM, etc.) memory that 1s readily
accessible by the GPS receiver (e.g. recerver 122). In another
embodiment, the embedded contour table 1s stored in on-chip
memory on the same chip as the GPS receiver. In this and
other embodiments, the embedded contour table could be
downloaded from the memory (volatile/non-volatile) of a
host processor 1n a tracker/host framework.

The embedded contour table contains height information
which may also be contained 1n map databases 1n conven-
tional Personal Navigation Devices (PNDs), where the map
databases are external to the GPS recervers 1in the PNDs. Map
databases in PNDs, however, generally contain detailed car-
tography information for regions spanning a country or a
continent and are consequently very large 1n size (at least
several gigabytes). For similar reasons as discussed previ-
ously, 1t may be impractical and inefficient to embed such
large map databases wholesale into a GPS receiver for the
purpose ol improving the accuracy of the GPS receiver’s
position calculations. Theretfore, as mentioned above, accord-
ing to certain aspects of the invention, the contour table
embedded on the GPS receiver 1s reduced to a size smaller
than that of a typical map database 1n a PND 1n a manner
optimized for the purpose of improving the accuracy of the
GPS recerver’s position calculations.

In embodiments, a contour table embedded within a GPS
receiver contains height information only for locations that
have substantially different elevations than a default elevation
used by the navigation solution (e.g. sea level) when no height
information 1s otherwise available. For example, height infor-
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mation for coastal regions near sea level may be excluded
from the embedded map table.

In embodiments, a contour table embedded within a GPS
receiver contains height information for only locations where
table information 1s likely to be needed most often. One type
ol such locations 1includes those that contain degraded signal
environments. In a degraded signal environment, satellite
signals are weak or otherwise difficult for GPS receivers to
extract mformation from. Which geographic regions are
likely to contain degraded signal environments may be deter-
mined beforehand. In some embodiments, the embedded con-
tour table may contain little or no height information on
geographic regions other than those that have been identified
as likely to contain degraded signal environments, thereby
reducing the size of the embedded contour table. Since urban
areas are likely to contain degraded signal environment due to
the densely located and often tall buildings in urban areas, the
embedded map database may contain height information only
for selected urban areas. For example, the embedded contour
table may only contain height information for the top twenty-
five or fifty metropolitan areas in the Umted States. In an
embodiment, the embedded contour table further excludes
height information for locations that a user 1s not likely to go
to, such as remote areas and high mountains such as Mt.
Everest.

The information from the table could be obtained and used
by a GPS receiver 1n various ways, and could depend on the
information stored therein, and the particular circumstances,
for example. Various possible embodiments will now be
described 1n more detail.

In one example embodiment, information from the table 1s
used as an additional measurement in the solution for position
fix. In this case, the uncertainty associated with the height
measurement could depend on the minimum and maximum
heights for that region as reported in the contour table.

A possible implementation 200 of this embodiment 1s 1llus-
trated in FI1G. 2. As shown in FI1G. 2, signals from satellites are
acquired and processed 1n step S202. As 1s known, signals
from a minimum of three GNSS satellites are needed to
compute a two-dimensional position (1.e. latitude/longitude),
whereas signals from a minimum of four GNSS satellites are
needed to computer a three-dimensional position (1.e. lati-
tude/longitude/height).

Using these signals, a coarse position 1s computed 1n step
S204 (e.g. lat, long, height), for example using pseudoranges
to acquired satellites and triangulation techniques well
known to those skilled 1n the art. In another embodiment, the
coarse position 1n step S204 could come from a network as
assistance, or from other coarse positioning methods such as
wi-11 positioning or cell-1d positioning. In cases where only
three GNSS signals are acquired, the coarse position 1s com-
puted in two dimensions, and a best estimate of the height that
1s known 1s used to complete the three dimensional coarse
position. If at least four GNSS signals are acquired, the three-
dimensional coarse position 1s computed from the measure-
ments.

The coarse position 1s compared to locations 1n the table in
step S206. In some embodiments this could be done, for
example, only whenever the recerver computes a minimally
determined position solution (e.g. when signals for only three
or four satellites are available), and/or using other criteria
such as DOP and SNR thresholds for acquired signals. IT the
coarse position computed 1n step S204 matches any entries 1n
the contour table, then the information for that location 1is
extracted 1n step S208.

There are many ways the comparison 1n step S206 can be
made, and 1t can depend on how information 1s stored 1n the
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table. In embodiments, information can be stored for specific
latitude, longitude coordinates, and a comparison can be
made to determine whether the coarse position 1s within a
certain distance from these coordinates. The distance in such
cases could vary as a function of the absolute height of the
location. For example, 11 the height 1s large the distance for
comparison could be large, while if the height 1s low, the
distance for comparison would be small. In other embodi-
ments, information in the table can be stored for selected
locations which are defined by latitude, longitude boundaries
(e.g. square or rectangular areas). In this case, the coarse
position 1s compared to these boundaries and a match 1s
identified 11 the coarse position falls completely within these
boundaries. Many variations are possible.

If step S206 determines that the coarse position has a
matching entry, information for that location i1s extracted
from the table in step S208. In embodiments, the information
1s stmply a height value for the matching two-dimensional
location. In other embodiments, such as i1n the case of mid
s1zed and large urban areas (e.g. Los Angeles, New York, etc)
or 1n places where there 1s a large height variation, multiple
entries can be included 1n the table. In these cases, a height
value for the coarse location could be computed from these
multiple entries using interpolation. In still further embodi-
ments, additional information such as height uncertainty,
minimum and maximum heights, etc. can also be retrieved for
the coarse position.

The information extracted from the contour table 1s used 1n
step S210. In one example, the information 1s used to improve
the accuracy for a minimally computed position. Where the
information obtained from the satellites includes their loca-
tions and pseudoranges, the latitude and longitude from the
coarse position 1s combined with the height information from
the table and used to place a pseudolite at the center of the
carth at an associated pseudorange corresponding to the
height information from the table. Conventional triangulation
techniques are then used to solve for position, 1n the same
manner as 11 all the information was obtained from satellites.

Additional processing can also be performed 1n step S210,
depending on the information in the table. For example, 1f the
information 1n the table includes height uncertainty, the posi-
tion uncertainty can also be computed 1n step S210.

In an alternative example of processing performed 1n step
5210, the height information from the table 1s used to solve
for a two-dimensional position and clock using the satellite
measurements. In other words, the height 1s assumed to be a
known value, and the unknown values of latitude, longitude
and clock are solved for using the satellite measurements and
well known techniques to those of skill 1n the art.

In yet another alternative example ol processing performed
in step S210, the information from the table 1s used to cross-
check the position solution when the coarse position 1s overly
determined. For example, the information from the table 1s
used to obtain a pseudorange to a pseudolite at the center of
the earth, and substituted 1n for one of the satellite measure-
ments to ensure the computed coarse position 1s within a
predetermined tolerance for error.

In still another example of processing performed 1n step
S210, information from the contour table includes fields such
as average gradient, maximum gradient, etc. This information
can be used, for example, when the recerver 1s moving. In this
case a series of computed positions can be compared to the
gradient information to determine whether the computed
positions have a change 1n height that are consistent with the
known gradient information.

In embodiments, information from the contour table can be
used during navigation, 1n addition to or alternatively to being
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used for position fix. Further details regarding example
implementations of integrating height information from an
embedded contour table 1n a navigational filter 1n a GPS
receiver’s positioning algorithm are described 1n more detail
below.

In one example implementation, height information 1s
added to the embedded map information and additionally
used to tune the navigation filters in the manner described in
co-pending application Ser. No. 12/409,313, the contents of
which are incorporated by reference herein. The co-pending,
application describes how horizontal map information (1.e.
latitude, longitude) 1s used to tune the navigation filters, and
those skilled 1n the art will understand how to extend the
principles of that application to include height information as
described 1n the present application.

In embodiments, the navigation filter 1s a Kalman filter, and
a state vector of the Kalman filter 1s updated based on an
intersection position. In urban canyon environments, the view
of the sky 1s limited by buildings such that the list of visible
satellites for a GPS recerver usually only contain satellites
directly above and the along the longitudinal direction of
travel of the GPS recerver. When the GPS receiver 1s located
1n an intersection, however, additional satellites 1n the lateral
direction become visible. This event of detecting more visible
satellites 1n the lateral direction may be correlated to the
position of the intersection 1n the embedded map database. A
map database attribute may be stored for this correlation.

The intersection position may be provided as a measure-
ment update for the horizontal and vertical position elements
ol the state vector of the KALMAN FILTER. The vector used
as the measurement update contains unity terms correspond-
ing to the horizontal and vertical position components and
zeros for rest of the elements 1n state vector. Furthermore,
terms corresponding to uncertainty for the horizontal and
vertical position elements 1 the R matrix (measurement
noise matrix) of the Kalman filter may also be updated with
the uncertainty of the intersection position.

It should be noted that the use of the contour table for a
navigation solution 1s not limiting. The contour table could
also be used to get height for position obtained from other
network based positioming methods such as WiF1 and Cell-1D
positioning.

Although the present invention has been particularly
described with reference to the preferred embodiments
thereot, it should be readily apparent to those of ordinary skaill
in the art that changes and modifications in the form and
details may be made without departing from the spirit and
scope of the invention. It 1s intended that the appended claims
encompass such changes and modifications.

What is claimed 1s:

1. A method for determining a position of a GPS receiver,
the method comprising:

at the GPS receiver:

computing a coarse estimate of an absolute position of
the GPS receiver using GNSS signals;

retrieving height information stored in a contour table
associated with the GPS receiver using the coarse
estimate; and

computing a final estimate of the absolute position of the
GPS recetver by using the retrieved height informa-
tion and the GNSS signals.

2. A method according to claim 1, wherein retrieving
height information includes:

comparing the coarse estimate of the absolute position with

entries in the contour table, each entry comprising height
information for a corresponding location; and

finding one or more matching entries 1n the contour table.
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3. A method according to claim 2, wherein computing the
coarse estimate of the absolute position includes using pseu-
doranges for satellites whose GNSS signals are acquired by
the GPS recerver.

4. A method according to claim 2, wherein computing the
coarse estimate of the absolute position includes receiving
assistance data from a network.

5. A method according to claim 2, wherein computing the
coarse estimate of the absolute position includes performing
cell-ID positioning.

6. A method according to claim 2, wherein computing the
coarse estimate of the absolute position includes performing
wi-11 positioning.

7. A method according to claim 3, wherein the acquired
signals consist of signals from three satellites, and the coarse
estimate of the absolute position 1s a mimmally computed
position.

8. A method according to claim 2, wherein comparing
includes comparing a position associated with one of the
entries to determine whether it 1s within a predetermined
distance of the coarse estimate of the absolute position.

9. A method for determining a position of a GPS recerver,
the method comprising:

at the GPS recerver:

retrieving height information stored in a contour table
assoclated with the GPS recerver; and
computing a position fix of the GPS receiver by using the
retrieved height information, wheremn retrieving
height information ncludes:
computing a coarse position;
comparing the coarse position with entries 1n the con-
tour table, each entry comprising height informa-
tion for a corresponding location, wherein compar-
ing a position associated with one of the entries to
determine whether 1t 1s within a predetermined dis-
tance of the coarse position, wherein the predeter-
mined distance 1s adjusted based on a height of the
coarse position; and
finding one or more matching entries 1n the contour
table.

10. A method according to claim 2, wherein comparing
includes determining whether the coarse estimate ol the abso-
lute position falls within a boundary associated with one of
the entries.

11. A method according to claim 2, wherein finding
includes 1dentitying a plurality of height values respectively
associated with difterent locations, the method further com-
prising interpolating, using the plurality of height values, to
determine the retrieved height information.

12. A method according to claim 1, wherein computing the
final estimate of the absolute position includes placing a
pseudolite at a pseudorange corresponding to the retrieved
height information and solving for the final estimate using the
pseudorange together with pseudoranges associated with the
GNSS signals.

13. A method according to claim 1, wherein computing the
final estimate of the absolute position includes improving the
accuracy of the coarse estimate of the absolute position by
including the height information as another measurement in a
position solution together with measurements from acquired
satellite signals.

14. A method according to claim 1, wherein the retrieved
height information includes height uncertainty, the method
further comprising computing a position uncertainty associ-
ated with the final estimate of the absolute position.
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15. A method according to claim 1, wherein computing the
final estimate of the absolute position includes solving for

two-dimensional position and clock.

16. A method according to claim 2, wherein the coarse
estimate of the absolute position 1s an overly determined
solution, and wherein computing the final estimate of the
absolute position includes cross-checking the coarse estimate
of the absolute position using the height information to deter-
mine whether the coarse estimate of the absolute position 1s
within a predetermined tolerance.

17. A method according to claim 1, wherein the height

information includes gradient information, and wherein the
computed final estimate of the absolute position 1s compared
with a previously computed position to determine consis-
tency with the gradient information.

18. A method according to claim 1, further comprising
using the retrieved height information to tune navigation fil-
ters of the GPS receiver.
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19. A device, comprising:

a contour table; and

a GPS recewver coupled to the contour table, the GPS

receiver 1mcluding a processor that 1s programmed to

perform a method comprising:

computing a coarse estimate of an absolute position of
the GPS recerver using GNSS signals;

retrieving height information stored in a contour table
associated with the GPS receiwver using the coarse
estimate; and

computing a final estimate of the absolute position of the
GPS recerver by using the retrieved height informa-
tion and the GNSS signals.

20. A device according to claim 19, wherein contents ol the
contour table are constrained to a plurality of predetermined
locations.

21. A method according to claim 1, wherein the retrieved
height information 1s a height value for the coarse estimate of
the absolute position.
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